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Abstract 
The aim of the study is to provide, through the characterization of the mortar samples and the relative raw 
materials, useful information in order to define the stages of construction, the workers technological and 
archaeological knowledge. The study is an interdisciplinary approach carried out by different analysis techniques 
in order to define the mineral-petrographic composition and highlight the differences among the various samples. 
Mortars are present in all the walls, except dry ones, as a bedding material and as a coating. The mortars may be 
regarded as markers for excellence, because they must be prepared at the time of their use, during the 
construction of the masonry, and cannot be re-used after their hardening and socket. Furthermore, the production 
of mortars in the past depended on the availability of raw materials in situ thus establishing a strong and direct 
correlation between the origin and use. 
The chemical and petrographic study of the subtle differences and composition of the mortar makes it possible to 
use this material as an excellent timeline if the supply of building materials varies over time. Mortars, for these 
reasons, play two key roles in archaeological survey: an absolutely priority for the correct determination of the 
contours of Stratigraphic Units; the role of the typological class very representative and very useful for making 
comparisons between different parts of the building and connecting between them the activities of the individual 
site. 
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1. Introduction 
Mortars have been used in many applications, as renders, plasters, fillers, etc., since remote times [1]. In historic 
mortars, the variation of used materials is surprisingly large with great differences during time period also in the 
same place [2]. Complete information about mortar materials allow us to know the history of a monument and its 
construction process, obtaining a relative dating that can be confronted with the written sources or archaeological 
artefacts such as coins [3]. In the past, the mortars  characteristic depended on the availability of materials in situ 
[4, 5, 6]. The chemical and mineralogical composition of mortars mirrors the correlation about materials between 
provenance and use, in a specific time period and situ, and it transfers the historical and technology information 
about the situ [7]. This paper reports the first phase of a wider research and focuses on the characterization of 
ancient mortars collected from the archaeological site of Porta Marina (Ostia Antica, Rome  Italy). The aim of 
this research is to characterize the nature of the different mortars and to investigate whether the differences 
between the samples arise mainly from the various historical periods of construction. The analysis of the Porta 
Marina mortars presents a unique opportunity to add to the rather limited knowledge on Ostia mortars and to 
improve the studies on construction technology used in Ostia Antica. The restoration treatments of  the  19th  and  
20th centuries, without scientific information [8], have limited the possibility to find parallels between the age of 
Ostia buildings, dated by brick stamps or by inscriptions, or by archaeological materials, and the dating by 
studying the composition of the mortar. The present paper present the results of the complete scientific 
investigation aimed to clarify the nature of the materials. This information allows us to provide explanation about 
the provenance of the materials used and to answer to the question: is there a chronological timetable in the 
analyzed mortars to confirm the archaeological hypothesis? The study is an interdisciplinary approach realized 
using different analysis techniques in order to define the mineral-petrographic composition and shows the  
differences among the various samples. 
 
1.1 The Ostia Marina Project 
One block outside of the Porta Marina immediately next to the famous opus sectile domus had remained almost  
completely and singularly unexplored, Region IV Insula IX. In this block lies the celebratory funerary monument  
of Caius Cartilius  Poplicola, a major figure in Ostian publi
power. Some clearance excavations were carried out in the 1960s along the northern and eastern edges of the  
block, but these lacked any scientific basis; moreover, the construction of the Via della Scafa touched  and, in  
part, damaged  its southern edge, which in antiquity faced the Via Severiana and looked onto the sea. The core  
of this block covered the ancient excavations began. This area remained for a long time a sort in  
the knowledge of Ostia, but at the same time a stratigraphic deposit uncontaminated by the excavations of the  
19th and 20th centuries. 
In fact, as is well known, the E42 (now Eur) clearance excavations were designed to exhibit Ostia in the period of 
its greatest prosperity, under Trajan and Hadrian, and consequently they were transformed into the large scale  
destruction of  the deposits pertaining to the last occupation phases of the city, in Late Antiquity. 
The Ostia Marina Project was launched in 2007 with an agreement between the Department of Archaeology of 
the University of  Bologna and the Ministry of Heritage and Cultural Activities (MiBAC) by the initiative of 
Massimiliano David and Angelo Pellegrino. 
Initial activities included an archaeological exploration of the Porta Marina area and a campaign of documentary 
research and study in the archives of the former Archaeological and Superintendence of Ostia Antica. In  
September and October of 2008 the project  performed  topographic and  geophysical prospections designed to  
 the first excavation of an entirely unknown  
structure at Ostia in approximately 50  years  began with the removal of the surface layers (topsoil  and  arable),  
thus providing an initial, general picture of the structures in the site. Absolute elevations were taken on a private  
two storey structure of Hadrian date. The exploration of the space beneath a staircase yielded an interesting 
section of pavement in opus spicatum. The 2010 excavation expanded the general picture of the site, exposing  
the tops of several new walls, but, more importantly, two critical stratigraphic sondages were started. The first  
  fig. 1) took place within a square room located behind a workshop that faced onto the Street of 
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Marciana. The stratigraphic sequence reconstructed to date describes the vicissitudes of life in Ostia starting at  
the end of the 4th century and going back to the early Imperial period. Thanks to the second sondage ( num. 4  
fig. 2), excavated in 2010 and 2011, we can now affirm that the core of the block was a public bath building 
constructed in opus testaceum, a hitherto unknown structure that now joins the series of Ostian bathing facilities.  
The numerous brick-stamps dating between AD 123 and 126 seem to indicate that the structure was built in the 
middle of the Hadrian period, and it appears to have remained in use for approximately 200 years, at least until 
the 6th century. 
 
 
Fig.1 - seedling sondage n. 3                                                                                                                                       Fig.2 - seedling sondage n. 4 
 
2. Materials and Methods 
In total, the 25 samples mortars were collected from the stratigraphic sondages  num.  3 (table I) and num. 4 
(table II). The sampling of the mortars was carried out using a hammer and a small chisel, removing the first 
layer in contact with the environment. The analytical investigations have been carried out by means of polarized 
light microscope (PLM) , X-ray diffractometry (XRD)   and Fourier transform infrared spectrometry (FT-IR)§. 
The FTIR was used to quantify the  ratio between CaCO3 and SiO2 content in the mortars. The area of the 
absorbance peaks of CaCO3 at 1,432 cm-1 and SiO2 at 1,100 cm-1 were used to define the aggregate and binder 
content. 
Thin sections and polished surfaces were prepared by vacuum impregnation with low viscosity epoxy resin and 
observed under transmitted or reflected polarized light, enabling the identification of the morphology, dimension 
and type of aggregates, binder, additives, apparent porosity and cracking and secondary or decay products. 
All  mortar samples, after preparation, were dried at 40º C for at least 12 hours. 
 
 Thin sections were analysed by a Carl Zeiss transmitted polarised light microscope, under plain and crossed polar through the use of 
magnification to 25x, 40x, 100x 
 Philips PW 1830 powder XRD (X-ray dif-fraction) with a Cu- -
scan/s 
 Spectrum BX II FTIR spectrometer (Perkin Elmer) that was operated in the absorbance mode. Spectra were acquired with the use of 4 cm-1 
resolution yielding IR traces over the range of 400 4,000 cm-1. All data were corrected for pure KBr spectrum. 
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Table I _ Mortar Samples collected from num 3 sondage
USM = stratigraphical unit of masonry  and USR = stratigraphical unit of covering
Sample Description Picture Number
S11 USM 1093 Mortar Wall which is the control parameter of the channel W 1040 1
S12  USM 1067 in 1007 Foundation N in correspondence of the wall n. 1007 2
S13  USM 1093 in 1007 Wall which is the control parameter of the channel W 1040 3
S14A  USM 1067 Foundation N in correspondence of the wall 1006 4
S14B  USM 1067 Foundation N in correspondence of the wall 1006 5
S20  USM 1004 Mortar Wall 6
Picture 2 Picture 3 Picture 4 Picture 5
Picture 6
Table II _ Mortar Samples collected from num 4 sondage
USM = stratigraphical unit of masonry  and USR = stratigraphical unit of covering
Sample Description PictureNumber
S1 USM 132 Wall Bedding Mortar 1
S4 USM 83 Wall Bedding Mortar of bricks 2
S5 USR 174A Bedding mortar of the first layer of the coating of the marble slabs of the pool 3
S6 USR 174B Mortar of the second layer of the coating marble slabs of the pool 4
S7 USR 159 Mortar at the base of the bedding (S6) of support for the marble covering 5
S8 USM 152 Mortar Plugging S 6
S9 USM 83 Wall Bedding Mortar 7
S10 USM 134 Mortar Plugging of the side E 8
S19 USM 145 Mortar coating of burglary carried out at the W column 9
S1 USM 83 Wall Bedding Mortar 10
S2 USM 83 Wall Bedding Mortar 11
S3 USM 184 Mortar Plugging Window 12
S4 USM 184 Mortar Plugging Window 13
S5 USR 168 Mortar floor in opus sectile 14
S6 USR 168-199 Layer matrix sandy red with brick fragments, ceramic and marble at the base of S5 15
S7 USR 174B Mortar of the second layer support the marble facing of the plates of the pool 16
S8 USR 194 est Mortar coating pit from external 17
S9 USR 194 int Mortar coating pit from internal 18
S10 USM 152 Mortar Plugging S 19
Picture 2 Picture 3 Picture 4 Picture 5
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Picture 7 Picture 8 Picture 9 Picture 10
Picture 11 Picture 12 Picture 13 Picture 14 Picture 15
Picture 16 Picture 17 Picture 18 Picture 19
3. Results and discussion
3.1 Transmitted polarized light microscopy analysis
A careful scrutiny of mortars gave us the possibility to select 9 samples macroscopically different for thin section
preparation. Under PLM it was possible to identify different mineral grains, results are shown in table III and IV.
Table IV_ Transmitted polarized light microscopy analysis of num 4 sondage
Samples Particle size Binder Aggregate
S1 USM 132 0.1-2 mm Carbonate volcanic rocks, phenocrysts of leucite, clinopyroxene, biotite, mica and brown sandstone clasts
S4 USM 83 0.1-1.8 mm Carbonate volcanic rocks, grains of sandy rocks (greywackes (grovacche)), monominerals granules of clinopyroxene and rare fragments of flint
S5 USR 174A 0.1-3 mm Carbonate volcanic rocks, grains of sandy rocks (greywackes (grovacche)),carbonate rocks, chert, and fragments of quartz and clinopyroxene
S6 USR 174B 0.1-10 mm Carbonate
volcanic rocks, fragments of sandy rocks (siltstones and greywackes 
(grovacche)), carbonate rocks and chert, monocrystalline grains of 
quartz  (size max 0.5 mm) and clinopyroxene
S7 USR 159 0.1-2 mm Carbonate
volcanic rocks, sandstone rocks (greywackes (grovacche) and 
siltstones)), sparitici carbonate fragments, monocrystalline grains of 
quartz, clinopyroxene, feldspar and rare fragments of earthenware
S8 USM 152 0.1-4 mm Carbonate volcanic rocks, sandstone fragments (greywackes (grovacche) and siltstones)), monocrystalline grains of quartz, mica and clinopyroxene
S9 USM 83 0.1-3 mm Carbonate
volcanic rocks, sandstone fragments (greywackes (grovacche) and 
siltstones)), monocrystalline grains of quartz, mica and clinopyroxene,
rare grains of altered olivine basalt
S10 USM 134 0.1-5 mm Carbonate volcanic rocks, rare grains of monocrystalline quartz, clinopyroxene and sandstone fragments
Table III_ Transmitted polarized light microscopy analysis of num 3 sondage
Samples Particle size Binder Aggregate
S20 USM 1004 0.1-6 mm Absent volcanic rocks (similar to those of S1), monocrystalline grains of clinopyroxene and dark mica
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The information obtained by PLM allowed us to distribute the samples in various groups based on the similar 
petrographic composition shown in table V. 
Table V _ Petrographic Description
Group Samples Description
I group S1 USM 132, S4 USM 83, S8 USM 152 and S10 USM 134
present a similar compositions typical of mortars pozzolanic and characterized by 
the presence of leucitic-bearing fragments.
II group S5 USR 174A, S6 USR 174B and 
S7 USR 159
pozzolanic mortars characterized by greywackes (grovacche) clay. These mortars
were obtained by adding a fraction of sand aggregate
III group S9 USM 83 presence of altered olivine basalt
IV group S20 USM 1004 the absence of carbonate matrix part of yellow tuff 
3.2 FTIR analysis
The FTIR was used to quantify the  ratio between CaCO3 and SiO2 content and to define the presence of  organic 
material in the mortars. The main CaCO3 bands at 1,432 cm-1 (C O stretching), 876 and 712 cm-1 (C O bending)
and SiO2 bands at 1,100 cm-1 (Si O stretching) and 470 cm-1 (Si O bending). Many samples show the same
fingerprint (Fig. 3)
Fig.3 FT/IR spectrum of the sample with the same fingerprint
3.3 XRD analysis
The petrographical observations are compared and correlated with the X-ray diffraction analysis reported in table
VI and VII. XRD analysis is in agreement with the information obtained through the thin section observations.
The investigations carried out in this thesis mortars, from the area of Ostia Marina (Ostia Antica - Rome), made
it possible to distinguish between samples the origin, composition and especially the period of use of that
material.
In particular, it was possible to compare the results of investigations aimed at recognition of mineralogical phases
present within the mortars to be able to distinguish the doughs used.
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Main components of these samples are calcium carbonate as crystalline phase of calcite, hydrated sodium 
aluminium silicate (analcime) and various minerals pertaining to the pyroxene group. The sample S5 USR 174A 
is richer of  silicon dioxide as -quartz. The S6 USR 174B and S7 USR 159 present significant amounts Zeolites 
(Chabasite and Natrolite ). About the sample S19 USM 145 is relevant the presence of  dolomite. 
 
Table VI_ Qualitative mineralogical composition of num 3 sondage mortar samples 
+ + + Predominant, + + Abundant, + Present, ± Traces  Absent 
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S11 USM 1093 ++ ++ ++ ± + 
S12 USM 1067 in 1007 ++ ++ + ± + 
S13 USM 1093 in 1007 ++ ++ ± + ++ 
S14A USM 1067 - - - - - 
S14B USM 1067 + ++ + + ++ 
S20 USM 1004 + +++ + - - 
 
 
Table VII_ Qualitative mineralogical composition of num 4 sondage mortar samples 
+ + + Predominant, + + Abundant, + Present, ± Traces  Absent 
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S1 USM 132 +++ ++ + - - - - - - - 
S4 USM 83 +++ ++ ± - - - - - - - 
S5 USR 174A +++ ++ ± - - ± - - - - 
S6 USR 174B ++ ++ + - (Chabasite)  ± - - - - - 
S7 USR 159 ++ ++ + - (Natrolite) + - - - ± - 
S8 USM 152 +++ ++ + - - - - - - - 
S9 USM 83 ++ ++ + ± - - - - - - 
S10 USM 134 +++ ++ + - - - - - - - 
S19 USM 145 +++ - - - - - - ++ - - 
S1 USM 83 +++ ++ + - - + ± - - - 
S2 USM 83 +++ ++ ++ - - ± ± - - - 
S3 USM 184 +++ ++ + - - ± ± - - - 
S4 USM 184 +++ ++ + - - ± - - - - 
S5 USR 168 ++ + + - - ++ + - - - 
S6 USR 168-199 +++ ++ + - - - - - - - 
S7 USR 174B +++ + + - - + + - - - 
S8 USR 194est +++ - - - - ++ ± - - + 
S10 USM 152 +++ ++ ++ - - ± ± - - - 
S9 USR 194int Cerussite (+++), Litharge (++), Anglesite (+) 
 
4. Discussion 
PLM, FT/IR and XRD analysis have allowed us to determine the chemical and mineralogical composition of 
mortars collected from the area of Porta Marina (Ostia Antica - Rome). The results obtained indicates that the 
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aggregates present in the mortars are essentially pozzolanic.  In particular,  for the num. 3 sondage , the mortars 
are characterized by the presence of  micas (S11 USM 1093, S12 USM 1067 in 1007, S13 USM 1093 in 1007, 
S14A USM 1067, S14B USM 1067). The S20 USM 1004 due to the absence of calcite binder is not a mortar, but 
a yellow tuff from Campania added to the mixture as a hydraulic aggregate.  
For the sondage num. 4, the results obtained indicated that different types of mortar and/or of pozzolanic: 
ic material from Latium (S1 USM 83, S2 USM 83, S4 USM 83, S3 USM 184, S4 USM 184, S1 USM 
132,  S10 USM 152, S8 USM 152, S10 USM 134) [10, 11];  
ic material from Campania, defined by the presence of altered olivine basalt, typical material of 
Vesuvius (S9 USM 83) [12]; 
S19 USM 145 and S8 USR 194est mortars are flying lime and dolomite aggregate with impurities of 
metamorphic quartz typical of a filler; 
S5 USR 174A, the S6 USR 174B, the S7 USR 174B, the S5 USR 168, the S7 USR 159 and the S6 USR 
168-199, characterized by the presence of greywackes (grovacche); 
the S9 USR 194int mineralized lead, given the location of the sample within a cockpit with an adjoining fistula 
of lead finding in the area of excavation, the water-lift accumulated in the pit, may have altered the chemical 
composition of the elements in lead content. 
 
4. Conclusions 
The chemical and mineralogical study of the mortars of the sondage 3 and 4, have shown that mortars is 
contributing for the knowledge of the construction technologies used in this part of Ostia Antica archeological 
site. The research has allowed to classify the mortars with regard to the amounts and types of used pozzolanic 
aggregates. The mortars are calcitic hydraulic materials. In particular, typical Latium mortars are the major 
group. Some samples are characterized by the presence of altered olivine basalt, greywackes (grovacche) and 
micas while S19 USM 145 and S8 USR 194est mortars are flying lime and dolomite aggregate with impurities of 
metamorphic quartz typical of a filler.  
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